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SECTION  I 


INTRODUCTION 


1.1  OBJECTIVES 

The  objectives  of  this  I'ts.h-.: 
mediate-,  and  late-time  deton.  nine  ;  ■  ’ . ,  > ,  •  ■  ■- 
and  II  (MB  I  and  I  I )  Set  i  e  ■  us  i  n. .  :  t "  i  ‘  i  ■  i  1 
and  to  analyze  and  to"  pare  the  •  ••  u  I  ’  •  ' 
the  series  and  other  ;  r  i"i  .  •' 

qu rat  ions.  The  MISERS  HL  ;r  t  -  •  •  •  .  - !  - 

t  :  ons  ha v  i  ini  d  i  I  f  i •  t  en  t  i.  1  .1 1  •  •  •  *  i  .  . » 

the  q round.  i  .  e  .  .  he  i  .  •  t  -  ■  •  .  •  1  •  ‘  .  T‘  ■  .  •>.•:.■  .  r  e,  •*  i  :  .  "  ‘  ■  ■  ■ 

obta  i  ned  1  'n  16  ill!  <:  ■  •  til-  .  <  over  i  ft-.-  i  t  1  eerie: 

t  ron  f  i  r  .  t  -  I  i  gh  t  ft'  300  ■  e>  1  "i 4  .  1  . 

The  photometric  is  suits  .mi!  the  iletonation  diagnost  i  cs  trot 
the  MB  I  anil  II  Series  have  already  been  presented  previously  in  the 

Proceed i  ruts  of  the  MISERS  BLUFF  Symposium.  (Ref.  1) 

In  addition,  the  complete  photograph ic  documentation  of  MISERS 
BLUFF  I  and  II  Series  is  presented  in  AFWL-TR- 79" 1 ^9  report  whose  table 
of  contents  and  list  of  illustrations  are  presented  in  the  Appendix 
Sect  ion  of  this  report.  (Ref.  2).  For  the  readers  edification  the 
Appendix  Section  also  contains  a  plan  view  of  the  MISERS  BLUFF  II  cloud 
camera  layout.  Figure  1A,  which  con f onus  to  Figure  16  in  this  report. 

No  on-site  wind  direct  ions  were  obtained  during  these  events. 

1.2  BACKGROUND 

The  Denver  Research  Institute  f  DR  I )  participated  in  the  Pro 
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DICE  THROW  I  and  II  (PDT  I  and  II)  Series  which  were  the  charge  devel¬ 
opment  portion  of  the  effort  and  the  forerunner  of  the  628-ton  AN/FO 
detonation  of  the  DICE  THROW  (DT)  Events  (Refs.  3,  4  and  5).  Prior  to 
these  series,  DRI  took  part  in  the  events  of  DISTANT  PLAIN,  MINE  SHAFT 
and  MIDDLE  GUST  Series  and  the  PRAIRIE  FLAT,  MIXED  COMPANY  and  Pre-MINE 
THROW  IV  Events  from  which  similar  photographic  records  were  obtained. 
These  large  events  afforded  the  opportunity  to  assimilate  information 
at  expanded  spatial  and  times  scales  of  10  [1/2  ton,  454  kilogram  (kg)], 
34  [20  ton  ( 1 8 , 1 44  kg)],  58  [100  ton  (90,718  kg)]  and  100  [500  ton 
(453.592  kg)]  times  the  scale  from  a  1-pound  detonation. 

The  MB  I  phase  was  a  cratering  series  of  eight  events  that  were 
conducted  to  provide  the  initial  input  for  the  development  of  a  multi¬ 
ple  ground  motion  and  shock  environment  predictive  model.  The  instan¬ 
taneous  energy  sources  for  these  events  were  center  initiated  spherical 
charges  composed  of  cast  trinitrotoluene  (TNT),  mainly  weighing  1000- 
pounds.  The  total  explosive  weight  per  event  ranged  from  256  to  24,000 
pounds  (116  to  10,900  kg)  (Ref.  6). 

The  MB  II  phase  was  a  cratering  series  of  two  events,  second 
of  which  utilized  a  charge  configuration  which  was  based  upon  the  re¬ 
sults  obtained  from  the  multiple  detonations  of  MB  I  (Ref.  7)-  The  in¬ 
stantaneous  energy  sources  for  these  events  were  seven-point  initiated, 
her i spher  ica I -ended  cylinders  (HEC)  constructed  of  individual  bags  of 
AN/FO  weighing  50  pounds  (22.6  kg)  each  (Ref.  1).  The  total  explosive 
weight  per  event  ranged  from  117  to  707  tons  (106,000  to  641,000  kg). 


Table  1  presents  a  list  of  charge  parameters  relating  to  the  MB  I  and 
II  Series.  The  weights  are  given  in  kilograms. 

Figures  1,  2  and  3  show  charge  construction  and  configurations 
for  certain  events  in  MB  I  and  II. 
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FIGURE  2  CHARGE  CONFIGURATION  FOR  MBEL-1  EVENT,  118-TON  AN/FO 
HEMISPHERICAL  -  ENDED  CYLINDER 


I  1 


FIGURE  3.  CHARGE  ARRAY  FOR  MBE-2  EVENT.  S.X  118-TON 
AN/FO  HEMISPHERICAL- ENDED  CYLINDERS. 


SECT  ION  I  I 


PROCEDURE 

2.  1  EXPERIMENTAL  SETUP 

The  MISERS  BLUFF  Lest  series  was  comprised  of  two  phases. 

Phase  I  was  conducted  at  the  White  Sands  Missile  Ramie  (WSMR),  New 
Mexico  and  consisted  of  a  craterinq  series  of  eiqht  events.  Three  out 
of  the  eiqht  events  (4,  6  and  8)  were  multiple  detonations  made  up  of 
hexaqonal  arrays  (Events  k  and  6)  and  a  2k  unit  array  constructed  of 
seven  hexaqonal  sections  (Event  8).  The  charqes  were  in  either  tan- 
qent,  half-  or  full-buried  conf iquro t i ons .  The  ueoloqy  for  Phase  I 
consisted  of  a  level  area  that  had  a  7"  to  8-foot  (ft),  2.12-  to  2.kk- 
meter(n)  deep  water  table,  with  little  or  no  caliche  present.  Based 
upon  extensive  aimer  drillinq,  a  test  bed  of  the  required  sire  was 
selected  on  the  Queen  \‘j  site  of  the  WSMR  facility  (Ref.  8)- 

Phase  II  was  conducted  at  Planet  Ranch  in  Arizona  and  consisted 
ot  two  events.  The  t  irst  event  was  a  simile  11 7" ton  (106,000  kq)  AN/FO 
detonation;  whereas,  the  second  event  was  made  up  of  a  hexaqonal  array 
id  /0 7  tons  ( Gh I  , 000  fq)  of  AN/FO.  The  test  bed  was  in  a  relatively 
dry  river  basin  whose  qeoloqy  consists  mainly  of  deposited  sand  and 
1 1 rave  1  with  a  water  table,  at  the  time  of  the  experiments,  uenerallv 
heli--;  the  predicted  crater  depth  (Ref.  9).  Fiquies  k  and  'j  present 
plan  views  ot  the  multiple  arrays  and  rel.it  ive  positions  of  the  close- 
in  cameras  i n  MR  I  and  I  I  Series. 

2.2  INSTRUMENTATION  AND  FIELD  OPERATION 

The  basic  technical  phot  oqt'aph  i  c  cover. me  of  the  del  'nation 
phenomena  from  (lie  MISERS  BLUFF  Phases  I  and  II  were  made  from  qround 

IL 


FIGURE  4.  PLAN  VIEW  OF  THE  MISERS  BLUFF  1  SITE  LAYOUT 


6  I 

o  o 


SGZ  1  ss*2 


FIGURE  5  PLAN  VIEW  OF  THE  MISERS  BLUFF  n  SITE  LAYOUT 
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level  and  aerial  stations.  The  ground  level  stations  varied  in  number 
and  position  from  event  to  event  depending  upon  whether  the  detonations 
were  singular  or  multiple.  The  altitude  of  the  aerial  station,  which 
recorded  only  the  multiple  bursts  in  MB  I  phase  and  both  of  the  bursts 
i n  MB  II  phase,  changed  with  the  variations  in  the  strength  of  the 
detonat i ons . 

2.2.1  Instrumentation  and  Field  Operation  for  MB  I 

The  technical  photography  for  the  events  of  MB  I  was  furnished 
by  DRI,  WSMR  and  the  Williamson  Aircraft  Company  (WAC).  DRI  provided 
the  technical  supervision  for  the  photographic  effort  in  addition  to 
supplying  high-speed  cameras  [26,000  frames  per  second  (fr/s)],  photo¬ 
electric  (photometric)  devices  and  electronic  recording  equipment. 

WSMR  provided  high-speed  photography  from  ground  stations  at 
framing  rates  up  to  5000  fr/s  to  record  fireball  development  and  inter¬ 
action,  surface  surge,  shockwave  propogation,  and  cloud  development  and 
rise.  The  aerial  coverage  of  the  multiple  detonations  before,  during 
and  after  the  events  was  performed  by  WAC  using  high-speed,  stereo-  and 
still  cameras . 

Most  of  the  ground-level  cameras  for  the  singular  and  multiple 
bursts  for  MB  I  were  located  at  one  main  camera  station  situated  approx¬ 
imately  south  of  surface  qround  zero  (SGZ)  at  distances  which  ranged 
from  about  500  ft  (152m)  to  1400  ft  (427m).  The  cloud  development  and 
rise  for  all  the  events  were  photographed  from  two  remote  ground  sta¬ 
tions  located  at  about  6,000  ft  ( 1829m)  to  9,000  ft  (27^3m)  from  SGZ  at 

Camera,  film  and  support  supplied  by  U.S.  Geological  Survey, 

Flagstaff,  Arizona,  courtesy  O.J.  Roddy. 
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an  angle  of  about  70  degree*  (70")  from  each  other.  The  multiple  events 
were  photographically  and  photometrically  covered  by  OR  I  from  three 
ground  stations  for  MISERS  BLUFF  I,  Events  4  and  6  (MB  1-4  and  MB  1-6) 
and  from  five  other  locations  for  MISERS  BLUFF  I,  Event  8  (MB  1-8). 
Tables  2  through  9  present  a  list  of  ground  surface  cameras  used  during 
the  MB  I  Events.  Table  10  lists  aerial  cameras  employed  during  the 
multiple  events  of  MB  I. 

In  the  listings  presented  in  Tables  2  through  9,  the  remote 
stationed  70mm  Photosonic  10R  cameras,  used  to  document  the  cloud,  were 
actually  located  closer  to  the  north  and  west  than  as  indicated  to  the 
northwest  and  southwest  of  SGZ,  respectively.  Station  position  names  of 
northwest  and  southwest  will  be  used  throughout  this  report  in  order  not 
to  confuse  already  published  information  on  these  camera  coverages. 

Ttie  lens  values  in  these  tables  are  given  in  millimeters  (mm) 
and  their  apertures  in  f-stop  numbers.  The  nominal  framing  rates  are 
['resented  in  frames  per  second  (fr/s).  The  Hycan  and  Nova  framing  rates 
ranged  from  about  4500  to  5500  fr/s.  Their  exposure  times  in  seconds 
(s)  were  egual  to  [ ( 1 /2 . 5)x(f r/s) ] s .  The  Photosonic  10A  framing  rate 
was  20  fr/s  with  an  exposure  of  (l/360G)s,  i.e.,  2  degree  (2")  shutter. 
The  Photosonic  10R  framing  rate  was  6  fr/s  with  an  exposure  of  (1/1080) 

,,  i.e.,  2  shutter.  The  ground  station  DB  Milliken  cameras  were  oper¬ 
ated  at  400  or  300  fr/s  with  shutter  settings  of  36"  which  gave  expo- 
■  ure  times  of  (  1  / 36OO ) s  and  (l/3000)s,  respec 1 i ve 1 y .  The  Dynafax 
. . .  gave  exposures  of  less  than  1  microsecond  (as)  at  26,000  fr/s. 

The  aerial  DB  Milliken  cameras  were  operated  with  different 
■ . ; j !  1 e 1  openings  depending  on  the  cameras  framing  rates  and  the  films 
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OR  I  Hycnm 

Wratt.cn  12  Filter  for  this  and  all  succeeding  events 
Lost,  No  2  Shutter  position  existed 
No  trackinq,  cloud  coverage  limited  to  2  min 


TABLE  3-  Camera  Coverage  For  MBI-2,  8/15/77 


DR  I  Hycam,  Lost  record,  Camera  jammed 

Horizontal  tracking  5  min.,  total  recording  the  same  for  this  and  all  succeeding  events 


TABLE  4.  Camera  Coverage  For  MB  I  -  3  ,  8/23/77  Distance 


Main  Camera  Station  Rotated  clockwise  30°  for  this  and  all  succeeding  events 
DR  I  Camera,  all  succeeding  events  used  WSMR  Hycam 
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tfi.it  were  list'd.  The  F.ist.ix  camera  exposure  was  equal  to  f  (1/7.5)  x 


(fr/s)]s.  All  cameras  recorded  on  1 6mm  formats  except  for  the  Photo- 
sonic  cameras  which  recorded  on  70mm  formats. 

The  films  utilized  bv  the  cameras  listed  in  these  tallies  were 
22^1 ,  Ektachrome  EF  ( E F )  ;  IE  450,  Ektachrome  IR  ( I R) ;  7?56,  Ektachrome 
MS  (MS);  2476,  Linaqraph  Shellburst  (SB)  and  2445,  Aerocolor  Neqative 
(Aero).  The  Nikon  camera  employed  Ektachrome  64  (EK  64)  film. 

2.2.2  Instrumentation  and  Field  Operation  From  MB  II 

The  technical  photography  for  the  two  events  of  MR  II  was  fur¬ 
nished  by  DRI  ,  WAC ,  and  USGS.  DRI  provided  t  fit'  around  level  coverage 
while  WAC  and  USGS  provided  aerial  coverage.  Resides  the  technical 
photoqraphv.  OR  I  supplied  test -bed  nhotoqraphy  of  military  hardware  and 
structures  tor  both  events.  These  cameras  were  situated  in  the  100  to 
2  pounds  per  square  inch  (psi).  68°  to  13-7  kilopascals  (kPa)  pressure 
region.  Tables  11,  12  and  13  present  a  list  of  cameras  employed  during 
t  tie  MB  I  I  even  t  s  . 

Most  ot  the  lenses'  sizes  and  aperai ure  settings  and  cameras ' 
framing  rates  and  exposure  times  listed  in  Tables  11,  1?  and  13  are 
similar  to  those  presented  in  the  previous  tables  tor  the  MR  I  Events. 
The  only  differences  are  in  the  t vne  of  cameras  utilized  during  t  fie  MR 
I  I  Events .  Tfie  Fast  ax  camera  framing  rate  ranged  t rom  4000  to  5500 
with  an  exposure  time  of  [(1/2.5)  x  (tr/s'ls.  The  Hulcher  cameras  had 
yOmw  formats  and  were  operated  at  an  exposure  time  ot  (l/?880)s.  The 
Loc.r  utilized  .1  36  shutter  settings  as  did  all  the  DB  M  i  1  1  i  ken  s  one  r  - 
a  t  i  nu  .it  4  00  f  r  /  s  .  Tin-  OB  M  i  I  I  i  kens  ope  r  .1 1  i  ftq  at  2  50  !  r  A,  employed  an 
1 3  shutter  se  t  t  i n ■  1  . 


28 


29 


TABLE  12.  Camera  Coverage  for  MB  11  —  2,  8/30/78 
Distance  from  Main  Camera  Station  3359  Ft  (102AM) 


S  t  n t  » on 

Camera 

Lens 

Aperture 

Framing  Rate 

Mg  i  n 

Hycam 

25 

8.0 

5000 

Mg  i  n 

has tax 

too 

3.5 
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Mg  i  n 
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3.5 
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Mg :  n 

f  astax 
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3.5 
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Mg  i  ft 

Fastax 
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3.5 
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Mg  i  n 

Locam 

10 

5.6 

mo 

Mg  i  n 

0B  Hill  iken 

16 

5.6 

5no 

Mg  i  n 

Hul cher 

150 

5.5 

20 

Mg  i  n 

Hul cher 
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5.6 

20 

Mg  i  n 

Hu  1 c  her 
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5.6 

20 

Mg  i  n 
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20 

Mg  i  n 

Hu  1 cher 
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5.6 

20 

M-2; 
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2.3 
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M-  2‘ 

F  a  s  t  a  x 

35 
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M-2  1 
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AA- 
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20 
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20 

AA 
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26000 

BB 
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mo 
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26000 

CC 
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mo 
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26000 

AA 
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12.5 
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250 

BB 

DB  Mill iken 
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CC 

DB  Mill iken 

50 
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D-l  ' 

Fas  tax  Streak 
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ft  .0 

-  -  ’  ‘ 

D-?“ 

Fast  ax  Streak"4 
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.  _i  ‘ 
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_ 1 
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o.S 

N- 

Hul cher 
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0.5 

Adm.  1 

Hul cher 

1  50 
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0 . 5 

ion  Psi 

DB  Mill iken1 “ 

12.5 

5.0 

7  50 

SO  Ps  i 

DB  Mill iken1 ' 

12.5 

5.0 

2  30 

20  Psi 

DB  M i 1 1 i ken 

17.5 

5.0 
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10  Ps  i 

DB  Mi  1 1 i ken 

12.5 
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S  Ps* 

DB  Mi  1 1  i ken 

50 
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M-2  -  ??00 
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SGZ  on  .1  line 

ha  1  f way 
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1/2.5  x  (  f  r/s  )  s  ,  Late  t  r  i  r;qc r  MB  11-1:  La  t  e  ,  late  1 1  i  cine r  MB  I  1 


SECTION  I  I  I 

RESULTS  AND  DISCUSSION 


The  data  presented  in  this  report  are  based  on  information  ob¬ 
tained  from  photographic  and  some  photometric  records.  The  output  para¬ 
meters  associated  with  the  MB  I  and  II  Series  are  presented  in  the 
following  paragraphs  in  a  sequence  which  was  indicative  of  the  detona¬ 
tion  process,  i.e.,  from  initiation  to  cloud  development  and  rise  in¬ 
dependent  of  the  charge  diagnostics  data  already  presented  in  the 
previously  mentioned  report  (Ref.  1). 

3.1  PHOTOMETRIC  CHARACTERIZATION  OF  THE  MB  11-2,  CHARGE  5 

COMPOSITION 

Since  the  presentation  of  the  detonation  diagnostics  from 
MISERS  BLUFF  I  and  II  Series,  there  has  been  some  recent  data  generated 
based  on  the  AN/FO  composition  which  may  have  had  a  direct  effect  upon 
the  blastwave  output  characteristics.  The  fundamental  reason  for 
analyzing  the  AN/FO  compositions  was  that  t  here  were  apparent  problems 
associated  with  the  MB  II  AN/FO  detonations  (Ref.  1 1  .  -dwell  can  be 
wholly  or  partially  attributed  to  t  be  sharer  composition  -..'hen  compared 
to  the  detonation  charac  ter  i  s  t  i  c  s  fro-  PDT  11-2  and  i.  T  .  Photometric 
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consisted  of  spherical  TNT  detonations  no  analysis  were  made  on  the 
charges  other  than  their  initiation  Limes  which  were  covered  in  the 
diagnostics  report.  (Ref.  1). 

Two  of  the  most  outstanding  physical  differences  between  the 
AN/FO  Events  of  DICE  THROW  and  MISERS  BLUFF  were  in  the  average  FO  per¬ 
centage  and  the  percentage  of  AN  particle-size  distribution.  The  MB  II 
AN  pa r t i c 1 e-s i ze  distribution  was  skewed  toward  the  fine  particles 
(Refs.  10  and  11).  An  increase  in  fine  particles  will  increase  the  total 
particle-surface  areas  for  a  fixed  weight  of  explosive.  Since  an  opti¬ 
mum  FO  coating  is  required,  nominally  6  percent,  No.  2  diesel  fuel,  an 
increase  in  AN  surface  areas  is  expected  to  cause  an  increase  in  the 
total  requirement  of  fuel  oil  in  order  to  maintain  an  optimum  surface 
coating.  In  reality,  the  MB  II  charges  not  only  were  high  in  fine  AN 
particles  but  low  in  FO. 

If  the  AN/FO  composition  is  considered  to  be  similar  to  that  in 
a  concrete  mix,  where  the  fineness  cf  the  aggregates  is  controlled  with¬ 
in  limits  for  a  specific  strength  of  concrete  desired  so  that  each  par¬ 
ticle  is  coated  with  the  cohesive  material  (cement  and  water)  in  a  spec¬ 
ified  amount,  a  fineness  modulus  (FM)  can  be  incorporated  in  a  similar 
manner  to  an  AN/FO  mixture. 

In  concrete  mixtures  (Ref.  12),  a  measure  of  acceptable  surface 
areas  of  the  aggregate  (sand,  gravel  and  stone)  is  made  by  using  a  fine¬ 
ness  modulus  (FM)  number  which  is  based  on  sieve  size  numbers  (see  Table 
I A  from  Ref.  12).  As  example,  the  sand  FM  of  3.70  was  obtained  by  add¬ 
ing  the  retained  percentage  (A  )  of  a  sieve  to  the  succeeding  sieves  and 
dividing  by  100,  i.e..  No.  A,  20  percent;  No.  8,  15  percent;  No.  16,  20 
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percent;  No.  30,  1b  percent;  No.  50,  20  percent;  .mil  No.  100,  10  ;vf- 
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Notice  the  amount  of  surface  area  contribution  by  the  high 
number  sieve  (small  openings)  for  the  MB  11-2,  chg .  5,  as  compared  to 
the  POT  II -2  and  DT  AN/FO  charges. 

The  presented  area  factor  (AT)  based  on  assumed  spherical  or 
cubical  geometries  and  on  pr rcent age  retained  (excluding  pan)  is,  as  it 
should  be,  very  nearly  inversely  propor t i ona 1  to  the  FM.  The  AF  num¬ 
bers  wore  obtained  by  adding  t  he  numbers  derived  by  multiplying  the 
sieve  number  by  the  retained  percentage  and  dividing  by  100.  Table  17 
presents  the  AN  and  AF  ratios  numbers  based  on  Messrs.  Sv.isdak  and 
Peckham's  AN/FO  data. 


TABLE  17.  AN  and  AF  Ratios  for  POT  I  I  -  2 ,  DT  and  MB  11-2,  Charge  5 


Even  t 

FM 

FM  Ratio1 

AF 

AF  Ratio' 

PDT  1  1-2 

5.57 

1.21 

1.29 

DT 

... 

3.66 

1.23 

l  .  29 

m  U-2,  chq.  5 

9  .62 

1  .00 

1 .60 

1  .00 

:Fm  Ratios:  (PDT  1 1  - 2 ) / (MB  11-2,  chg.  5)  and  (0T)/(MB  II-?.  Chg.  5) 
■  AF  Ratios:  (MB  11-2,  chg.  5)/(PDT  11-2)  and  iMB  II-?.  chg.  5)/(DT' 


Note  that  comparison  of  MB  II-.?,  chg.  3  to  PPT  11-2  and  DT  in- 


dicate  a  2k  to  29 

percent  (27  average'  incre.v-i 

:  ■  in  ;  M  «  ■ 

,t  P  \  •  •  , 

i  rtM  f  nr 

the  MB  11-2,  chg . 

5.  Note  how  close  t tie  FM  and 

•'.F  f.it 

L  1  ' 

n.irr  in 

vo 1 ue . 

Based  on  Messrs.  Swisdak  and  Peckh.v  .  the  av«  ra  .,  rr  ,-a  lues  for 

» 

the  above  events  are  as  follows: 

PDT  I  1-2  6.0  _+  0.  U 

DT  6.1  +  O.A 

MB  I  1-2,  chg.  f.  6.3+!.? 
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If  a  consideration  of  0.7  percent  F0  reduction  for  MB  11-2, 
chg.  5  based  on  an  ideal  amount  of  6  percent  [(0.7/6)100  =  11.7)] 

coupled  with  an  average  increase  of  27  percent  in  AN  area,  (over  the 
average)  indicated  for  POT  11-2  and  DT ,  would  present  a  major  AN  sur¬ 
face  coating  problem.  This  condition  could  have  been  accentuated 
further  in  certain  regions  ol  the  AN/FO  charge  for  MB  11-2,  chu.  5  if 
the  deviation  of  -1.2  percent  was  considered  [  ( 0 . /  +  1 .2) (100  ')/6  = 

31-7  ]  coupled  with  the  27  percent  increase  in  AN  area  which  could  have 
produced  very  little  or  no  F0  coating  of  the  AN  prills  in  the  major 
portions  of  the  MB  11-2,  charge  5- 

Photoqraphic  anil  photometric  results  obtained  by  DRI,  Ref.  1. 
indicate  that  the  average  fireball  surface  color  temperature  of  MB  I  1-2, 
chg.  5  was  only  5570  K  whereas  the  DT  charge  gave  an  average  fireball 
iiirface  color  temperature  of  7030  K.  If  the  emissivity  of  the  two 
charges  were  considered  to  be  the  same,  then,  by  the  Stef an-Bol tzman 
law  where  the  peak  intensity  output  of  the  source  varies  as  the  fourth 
power  of  their  temperatures,  their  ratio  would  give  a  value  ol  2.5^ 
which  is  only  39  percent  of  the  DT  peak  intensity.  Actually,  the  MB 
11-2,  chg.  5  produced  a  higher  intensity  than  the  average  of  all  six 
charges  in  MB  11-2  whose  total  peak  output  was  on  1 v  12  percent  of  the 
expected  value  based  on  DT  and  PDT  I  1-2  scaled  value--  (Ref.  1  )  . 

Recently  DRI  developed  a  procedure  of  phase  relating  two  photo¬ 
metric  signals  obtained  from  a  number  of  evtnts.  One  is  based  on 
brundhand  unit  light  radiation  (ULR)  signal  and  the  other  on  narrowband 
IILR  signal  .  Tim-  sensors  for  the  two  ULR  devices  were  of  the  sn-'>e 
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'Material  ,  except  that  one  received  all  t  lie  color  radiation  it  was 
capable  of  sensing  and  the  other  received  only  narrow-hand  radial  ion 
in  the  red  region  (peak  at  723  no).  The  results  f  ror  four  different 
charges  using  phase  relat i unships  ( 1 i ssajous  patterns)  are  presented 
in  Figure  6.  The  utilization  of  ULR  signals  rer-oves  t he  effect  of  t he 
device  distances  and  the  effect  of  geometric  expansion  of  the  charges, 
i.e.,  spherical  versus  cy 1 i ndr i ca 1 . 

The  i-ajur  differences  in  the  pattern-  ‘  i  r  r  i  n !  '  r,r  Imth 

AN/FO  detonations  can  he  attributed  to  |n  Ll,  po¬ 
sition  of  AN  prill  port  ic  le-s  i  zv  d  I  t  r  i  pg ;  i . of  •  .  r-rcerUages  .  T'v 

di  '  I' e  fence  in  t  he  3- pound  Pentol  i  t  e  (30  ;vfe  nt  PI  TN  and  30  Percent 
TNT1  and  100-ton  TNT  patterns  can  he  attributed  to  the  he f  t <  r  <x .  :rn 
■  .  i  i  ant  e  in  Pentol  i  le.  It  i  •  f  tn  on  that  TNT  lias  uc  *'  1  o-  .  ■  , « *  !  e  r  -  1  'U  " 

>*  it-  ic  ter  fs  t  i  c  •.  than  Pen  t  o  1  i  t  e  .  This  file,  t  o*ul  !  e"'trl'  ;if,  f  1  t  ">■ 

1  s.ei  rise  in  t  he  fed-nan.)  and  I  unite  r  o'i,l  rip,:  s.r  a  ‘  f  e  r ..  a  r  I  s  .  Tl-  i 
it  ter-Purn  character!  . t  it  can  hi-  t  he  i.iu  -  e  •  *  •  r'u-  u.i  I  •  i  n-:er;ii  i  n  t  •• 

*  •  >r  the  TNT  and  MB  II-?,  charge  3-  Nett  -•  p  so:  -  -n :  >  1  i  1 1 

fiave  s  i  i  I  a  r  'signatures. 

3.?  COMPARISON  OF  AN/TD  C  AMP  O'-  I  T  I'N  r:,  y  .  ; .  I  I  a 

furth  r  i  o-  pi it  i  ort  a  na  I  s,  i  ,-.ei  >•  .  i  :  •  ‘  '  '  •  i  -  r  i  r  ■ :  --N  ' :  " 

-  >r  ;  -  -  .  in  ‘-'B  II  e  -/ei  i  t  ’u  .  I '  I  i  n  .  ;e  r  t  ■  >'  i  n  I  i  r  1 1  .  \  . .  •  ■ :  ■  --  *  i  .  ■  i  -  1  a  t  1 1 
i'ii'  t  in  c‘a r  to  -  ale  co"  pari-. on-,  to.  in.-  .  •  i  •  .sur*-  -'a  ■  ,n  •-- 

•  -  •  •  ..ere  r  i  i ;  ■  a  ie  • 1  *  all  the  AN /TO  c  ha  i  ■  ;e  ■■  ,  an  i !  t  e  :  f  ..as  a  It  to 

c  - 1-  :  a  -  •  .  i  .  1 1  ■  i  ■  ■  I  f  i  i.  i  i  •  ni  (  I  to  t  h  i  ‘  If-’  value'  and  -  ’  ,  ■  i  i  e  n  ;  a  ;e  ■  . 

-  -  .  1  i  j  :  I  '  -  ■ :  'lie  •  ■  t  t  i-i  t  if  . .  .  i  i  1 1  !  h  -  •  t  e  -  -  t  .  •  ‘  a  .  •  '  m  ee, 
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FIGURE  6  FINGERPRINTS  FROM  A  NUMBER  OF  DIFFERENT  TYPES  OF  HIGH  EXPLOSIVES 


TABLE  19-  EM  Tribulation  Tor  MB  I  I -l  atul  -2  Chonies 


TABLE  20.  Assigned  Position  Numbers  to  Different 
Parameters  From  The  MB- I  I  Events 


Charc|e 

CE 

1 

FM 

F0 

1 

5 

2 

7 

6 

2-  1 

2 

4 

2 

3 

2-2 

3 

5 

5 

7 

2-3 

6 

3 

3 

2 

2-4 

/ 

6 

4 

4 

2-5 

4 

7 

6 

5 

2-6 

1 

1 
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1 

The 
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■St  i 

nd 

i  cat 

i  on 

Unit 

<1  1  1 

t  lu¬ 
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pox  • 
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et  1  e 

ct 
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may 
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hot 

•n  o  r  f 

ec  te 

d 

by  a 

e  h. 

anqe 

in  (it 

* 0 1 0 1 1  \  as 

well  as  1, 

F  M  and  F  0 . 

1  he  1 

e  we 

if  i 

nd i c  a  t i nnc 

t  ron 

on 

site 

quo  1 

cujy 

t  ha  t 

t  tie  I’u  r  t  he  r 

t  !u' 

chn  1 

•qe1' 

VATl 

*  \  ro:‘ 

1  t  he 

•  ;> 

os  i  t 

i  <  >n 

x  of 
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1  and 
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1  aye  r i nu  t  he  re  was . 


'Pro  I  i  i  na  ry  data  t  rm  ■  Ber.son  ,  K.  e!  al,  MISERS  BLUFF,  Phase  II, 

MISERS  BLUFF  Svmpos  i  Uw ,  Marih  27-20. 

3.3  SURI  ACI  -SLIRGI  SHOCKWAVE  SEPARATION  DATA 

The  arm-ration  nl  a  -.moot  ti  and  nn  i  t  or  ml  v-expand  i  nu  shov.1.  Iron  t 
in  all  directions  nan',  t  rn  SI',/  .ilmui  the  a  i  r-svir  t  ace  interlace  i  one 


o  I  the  cost  i  ;>o  r  t .  1  n  t  I  ea  I  1 1  r  e  •  ■  •  t  1  1 1  i  s'  >  e  xn  1 1  >s  i  ve  I  El  l  I  ,le  I  nn.it  inn  . 


The  PDT  and  DT  AN/FO  Events  indicated  that  the  shockwave  from  the  HEC 


charges  separated  much  sooner  than  an  equivalent  TNT  spherical  charge 
placed  tangent  to  the  surface. 

The  results  from  MB  I  1-1  and  MB  11-2,  chg.  5  indicated  slightly 
longer  separation  times  and  distances  than  did  the  DT  Event.  See 
Table  21 . 


TABLE  21.  Times  and  Distances  Where  The  Main 
Shockwave  Separated  From  The  Surface-Surge 
F i reba 1 1  Expans i on 


Even  t 

T  i  me 
(ms) 

D  i  s  tance 
(m)  (ft) 

MB  1  1-  I 

22.2 

56.  1 

184 

MB  11-2,  chg .  5 

28.7 

68.2 

224 

DT1 

20.4 

53-3 

175 

'  Sea  led -down  average  of  six  readings 


3.4  SURFACE-SURGE  FIREBALL  ANOMALIES 

Surface-surge  anomalies  were  photographed  during  the  MB  11-1, 
from  both  aerial  and  surface  cameras.  Figure  7  shows  two  anomalies 
from  MB  I  1-1  as  photographed  with  an  aerial  camera.  The  multiple  deto¬ 
nations  of  MB  M-2  did  not  seem  to  produce  obvious  anomalies  on  the 
outer  perimeter  of  the  array  as  can  be  seen  in  the  photographic  sequence 
recorded  above  the  event  shown  in  Figure  8.  Since  fireball  anomalies 
are  generally  photographed  rather  late  in  the  fireball  expansion  phase, 
anomalies  may  have  existed  in  between  the  charges  for  the  MB  11-2 
Event  but  were  interacted  before  they  could  be  formed  outside  their 
ain  fireball  ••/pans  ions .  As  a  result  only  t he  anomalies  from  MB  I  1-1 
Event  art-  nresented  i  r>  the  report. 
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THRU -.1 5S 


Table  22  indicates  that  there  wen-  lour  major  anomalies  from 
MB  ll-l  and  that  their  initial  expansions  were  near  those  observed 
from  the  DT  Event. 

TABLE  22.  Times,  Directions  and  Distances  where  the 
Shockwave  Passed  the  Surfuce-Surqe  anomalies 


Event 

T  i  me 
(ms) 

D  i  rec  t  i  or. 
(degrees ) 

Dis 

(m) 

t  ance 
(ft) 

Hei 

(m) 

qht 

(ft) 

MB  11-1 

1  20 ! 

123 

133 

435 

12.2 

39.9 

MB  11-1 

98’ 

289' 

120 

393 

7.7 

25.2 

MB  11-1 

100 

226' 

102 

336 

- 

- 

MB  11-1 

150' 

351' 

126 

412 

- 

- 

DT 

107 

329 

138 

453 

5.9 

19.2 

DT 

102 

344 

135 

44) 

6.2 

20.4 

DT  *  ' 

- 

208 

(  +  >  ' 

(  +  )  ' 

- 

- 

Ground  level  Festax  Cameras  (  4800  fr/,j;  time  and 
spatial  resolution  qood . 

Overhead  Hulcher  Camera  (  20  fr/s):  off-axis  view,  angular 
resolution  qood,  spatial  resolution  qood,  time  resolution  poor. 
Scaled-down  data  to  MB  ll-l. 

Went  out  of  view  of  camera. 

3.5  DYNAMIC  EJECTA 

The  MB  I  Events  generally  produced  more  dynamic  ejecta  which 
travelled  beyond  the  I  i reha  I  I  sur f ace-su rqe  region  than  did  MB  II 
Events.  Tin'  main  reason  for  the  difference  was  due  to  the  crater  re¬ 
lated  neologies  between  the  two  test  sites.  The  Queen  15  test  site  had 
•  -lie h  more  cohesive  oil  with  a  water  table  near  the  test  surface; 
..h'-is-a,,  the  Mr  Com  sick  Ranch  site  had  deposited  sand  and  gravel  with 
little  eilie  ,iveni  '.',  and  low  water  table. 
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As  expected  the  half-buried  detonations  of  MB  I  Series  produced 
much  more  dynamic  ejecta  than  the  surface  tangent  detonations.  See 
Figures  9  -and  10.  Figure  11  presents  a  sequence  from  MB  II  Series. 

Note  that  there  were  no  obvious  ejecta  throwout  beyond  the  fireball 
debr  i  s . 

3.6  CLOUD  DATA 

Cloud  measurements  were  made  on  a  number  of  the  photographic 
sequences  from  MB  I  and  II  Events.  The  data  are  based  on  measurements 
made  from  only  one  camera  aspect  and  with  a  fixed  scale  (preshot, 
referenced  in  SGZ),  i.e.,  no  adjustments  were  made  for  photographic 
scale  changes  during  tracking. 

3.6.1  Cloud  Height  and  Diameter  Data  from  MB  I  Events 

The  cloud  height  versus  time  plots  from  the  single  and  multiple 
events  of  MB  I  are  presented  in  Figures  12  and  13  respectively;  whereas, 
the  diameter  versus  time  plots  from  the  single  and  multiple  events  of 
MB  I  are  presented  in  Figures  14  and  15  rospec t i ve 1 y .  These  data  were 
obtained  from  the  photographic  records  made  at  the  southwest  camera 
station  since  this  station  did  obtain  records  with  the  least  change  in 
scale  due.  to  the  cloud  drift.  See  Figure  16.  Table  23  presents  the 
distances  from  the  two  70mm  recording  cameras  during  MB  I  series. 

In  general,  the  plots  indicate  that  the  full-  and  half-buried 
.ingle  charges  produce  clouds  that  rose  faster  and  higher  than  the 
cloud-,  produced  by  the  same  weight  of  charge  p  laced  tangent  to  an  equi¬ 
valent  surface.  See  Figures  1/  and  18.  There  appears  to  be,  for  some 


FIGURE  9.  DYNAMIC  EJECTA  SEQUENCE  FROM  MBl-1  $  20FR/S,  IOOO  L  8.  SPHERE, 
HALF  BURIED 


FIGURE  9  (CONTINUED) 


NUED) 


URE  II  DYNAMIC  EJECTA  SEQUENCE  FROM  MBII-2  @  22.4  FR/S 


FIGURE  II. (  CONTINUED) 


(CONTINUED) 
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TIME  ( s»r  jndi ) 

FIGURE  12  CLOUD  HEIGHT  vs  TIME  FROM  MISER0  b<-UFF  J  SINGLE  EVENTS,  SOUTHWEST  CAMERA,  FIXED  SCALE 
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FIGURE  13  CLOUD  HEIGHT  »«  TIME  MISERS  BLUFF  X  MULTIPLE  EVENTS,  SOUTHWEST  CAMERA,  FIXED  SCALE. 


northwest 
CAMERA 
FOR  EVENTS 
4,5,6,7  818 


FIGURE  16  SGZs  AND  WIND  DIRECTIONS  FOR  MBI  EVENTS 


1257  FT 
383  M 


5  S 


FIGURE  17  CLOUD  SEQUENCE  FROM  M BI  -  3,  SOUTHWEST  CAMERA 
@  5  93  FR/S,  HALF  BURIED. 
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FIGURE  17  (  CONTINUED) 
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FIGURE  18  (  CONTINUED) 


65 


1 

60S 

1231  FT 

i - 1 

375  M 

1 

90S  j 

j 

j 
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unexp ! a i nab  I e  reason,  a  difference  in  cloud  height  and  rise  between 
MB  1-1  and  ~3,  which  wore  supposedly  equivalent  experiments. 

MB  1-7  cloud,  which  was  produced  by  a  256-pound  TNT  sphere,  rose, 
as  expected,  slower  and  lower  than  the  clouds  produced  try  larger  charges 
in  t  tie  --awe  position  relative  to  the  same  surlaco  geology. 

The  cloud  diameter  versus  time  from  single  detonations  appear  to 
vai’v  in  inverse  to  their  heights,  i.e.,  greater  in  diameter  lower  the 
tie  i  ;ht  it  aiv.  specific  tine.  t  Re  I  .  13)-  In  other  words,  surface  tan¬ 
gent  (above'  detonations  produce  greater  diameter  clouds  after  a  short 
period  of  t  i  "v  than  equivalent  charges  that  are  partially  buried.  Under 
this  condition,  it  is  surprising  that  MR  1-1  also  produced  a  smaller 
diameter  cloud  than  MB  1-3  even  though  it  had  a  lower  height  of  rise 
than  the  equivalent  MB  1-3- 

The  multiple  events  appear  to  have  produced  clouds  that  rose 
contrary  to  their  simile  charge  counterparts  which  had  the  relative 
same  position  of  t  lie  charge  with  respect  to  the  surface  geology,  i.e., 
half-buried  or  tangent  above.  The  su rt , ice- tangent  ,  hexagonal  grrav  of 
MB  I  -  4  produced  a  cloud  that  rose  faster  and  higher  than  t  tie  ha  1  <  - 

buried,  hexagonal  array  of  MB  1-6.  Part  of  this  effect  )'•  h.e.s  > 

due  to  the  difference  in  spacings  between  the  charges  in  th.  h.-*,!  ;•*»..  t 
a r ray  s . 

Surprisingly,  the  surf  ace-t  angont  ,  mu  It  ini  e-hex.v ;>  ■".!  I  in  >. 
of  MR  1-3  produced  a  cloud  that  did  not  rise  much  tast.r  :  ‘sin  • 's  •> 

ler  .11  i.e.  of  MR  1-5  and  it  did  not  even  attain  the  sa  •  e  a»  i  u  '  . 

The  MB  1-3  cloud  rise  may  have  been  hampered  h\  at;  inv.i  .o  '-  law  it 
approx  i  "ia  t  e  I  v  3090  It  (914  ml. 
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As  expected,  the  MB  1-8,  24-charge  array  did  produce  a  maximum 
cloud  diameter  which  was  much  greater  than  those  produced  by  either  one 
of  the  smaller  arrays  of  MB  1-4  or  -6.  In  addition,  all  multiple 
events  did  produce  much  faster  cloud  rise  and  greater  cloud  heights 
and  diameters  than  anyone  of  the  s i nq 1 e  charge  detonations.  Compare 
Figure  l8  with  Figure  19. 

3-6.2  Cloud  Height  and  Diameter  Data  from  MB  II  Events 

The  cloud  height  versus  time  and  cloud  diameter  versus  time  for 
MB  II  Events  are  presented  in  Figures  20  and  21  respectively.  After  a 
period  of  time,  the  multiple  detonation  of  MB  11-2  produced  a  much 
faster  cloud  rise  and  attained  a  much  greater  cloud  height  than  the 
cloud  from  the  single  detonation  of  MB  11-1.  Similar  effects  are  noted 
in  the  cloud  diameter.  Figure  22  presents  a  sequence  from  MB  11-2. 
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Figure  20  CLOUD  HEIGHT  VI  TIME  FROM  MISERS  BLUFF  n  EVENTS,  FIXED  SCALE 


II  7  TONS  AN/  F 0 


IOS 

3345  FT 
1020  M 


FIGURE  22.  ClOUO  SEQUENCE  FROM  M8II-2,  NORTH  CAMERA <6>  !  FR/S 
6  - 1 18 TONS  HEC  CHARGES 
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FIGURE  22  (CONTINUED) 
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FIGURE  22. ( CONTINUED) 
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FIGURE  22. (CONTINUED) 
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FIGURE  22 (CONTINUED) 
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SECTION  IV 


CONCLUSIONS  AND  RECOMMENDATIONS 

The  photographic  coverage  for  the  MB  I  Series  appeared  to  be 
more  than  adequate  for  the  detonation  parameters  desired.  The  photo¬ 
graphic  coverage  of  the  clouds  during  MB  II  Events  was  limited  by 
camera  failures  and  wind  conditions. 

For  1000-pound,  spherical  detonations,  distances  of  9000  ft 
(27^3  m)  from  SGZ  to  the  recording  70mm  cameras  appears  to  be  adequate 
to  photograph  cloud  development  and  rise  for  a  period  of  300  s  through 
a  100mm  lens.  An  angular  separation  of  90  to  120  degrees  down  wind  of 
SGZ  would  appear  to  be  ideal  for  future  coverage.  Prevailing  wind 
direction  should  be  taken  into  account. 

From  the  photographic  results  of  MB  II  Events,  whore  charges  of 
120  tons  were  detonated,  it  appears  that  distances  of  over  25,000  ft 
(7620  n)  would  be  ideal  for  0-300  s  coverage  if  camera  stations  were 
located  down  wind  of  SGZ  and  at  angles  of  90  to  120  degrees. 

The  MB  II  data  presented  on  the  effects  of  AN/FQ  particle  size 
and  tuel-oil  percentage  indicate  that  charge  composition  has  a  hearing 
on  the  explosive-out  rut  as  was  verified  hv  photographic  and  photo-ot  r ic 
da  t  a  . 
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APPENDIX 


The  Appendix  contains  the  table  of  contents  and  list  of 
tions  from  AFWL- TR- 79~ I ^9  on  the  "Photograph i c  Doc  timer) t a t  i on 
BLUFF  I  and  II  Series",  June  1979-  In  addition,  a  figure  on 
view  ot  three  cloud  camera  stations  for  MISERS  BLUFF  II  Event 
sent  ed . 


i 1 1  us t  ro¬ 
of  MISERS 
the  plan 
s  is  p r e - 


;.JL  ci-iU.K-bOi 
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Raman  Sciences  Corp 

ATTN:  Mr.  'Juke 
ATTN:  Mr.  Allen 

Raman  TEMPO 

ATTN:  DAS  1  AC 
ATTN:  k.  Gould 

katiian  TEMPO 

ATTN:  G.  Perry 

•  i  *!.r  ion  1111:  As'WK.  i  .1  f  r  , .  I  ri. 

ATTN:  Mr.  Donegon 
ATTN:  Mr.  foil  ins 

Los  Alamos  Technical  Associates,  Inc 
ATTN:  P.  Hughes 

Lovelace  Biomedical  Environment  Rsch  Institute,  I"..; 
ATTN:  R.  Fletcher 
ATTN:  1).  Richmond 

McDonnell  Douglas  Lorp 
ATTN:  0.  Dean 

Oklahoma  Mil  Research  Foundation 
ATTN:  Dr.  White 

Pjc  i  t  i i  -siorra  Research  Corp 
ATTN:  H .  Brode 

Pan  Ainoriian  world  Airways,  Inc 
ATTN:  A.  Montrose 


DEPARTMENT  OF  DEFENSE  CONTRACTORS.  (Conti nued ) 

Particle  Measuring  Systems,  Inc 
ATTN:  R.  Knol lenberger 

Physics  International  Co 
ATTN:  F.  Sauer 

R  &  D  Associates 

ATTN:  A.  Kuhl 
ATTN:  R.  Port 
ATTN:  P.  Haas 

Science  Applications,  Inc 
ATTN:  J.  Cockayne 
ATTN:  B.  Chambers,  III 

SRI  International 

ATTN:  A.  Burns 

Systems,  Science  &  Software,  Inc 
ATTN:  D.  Grine 
ATTN:  K .  Pyatt 

Systems,  Science  &  Software,  Inc 
ATTN:  C.  Hastings 

Tech  Reps,  Inc 

ATTN:  B .  Collins 

TeleDyne  Brown  Engineering 
ATTN:  J.  Ravenscraft 
ATTN:  M.  Price 
ATTN:  Mr.  Snow 

TRW  Defense  N  Space  Sys  Group 
ATTN:  Mr.  Mazzoa 
ATTN:  G.  Teraoka 

Williamson  Aircraft  fo 

;  Mr,  Williamson 


Boeing  Co 

ATTN:  Mr.  Jones 

TORIEGN  AGENCIES 

Admiralty  Surface  Weapons  Establishment 
ATTN:  Mr.  Petherick 
ATTN:  k.  Feltham 

Atomic  Weapons  Research  Establ i snment 
ATTN:  MOD-Pt,  Mr.  Fuller 
ATTN:  MOD-PE,  Mr.  Levs 

Gundesimnis  tori  urn  Do  Verteidigung 
ATTN:  L.  Hentschel 
ATTN:  R.  Shilling 

Defense  Research  Establishment 
ATTN:  R.  Hegqie 
ATTN:  J.  Watson 

Ernest-Ma  n- institute 

ATTN:  H.  Reichenbach 

1  okras  true  tors tass  tier  Bundeswehr 
ATTN:  1  t  to)  1 aufmann 
ATTN:  l.ol  Rottgerkamp 
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foreign  AGENCIES  (Continued) 

National  Defense  Research  Institute 
ATTN:  H.  Axelsson 

Norwegian  Defense  Construction  Service 
ATTN:  A.  Skueltorp 


FORE  1GN  AGE  NCJ  E5>_  J  Cont  i  nued ) 

Royal  Fortification  Administration 
Fack 

ATTN:  E.  Abrahamsson 


92 


